Resistance training is widely used as an adjunct or primary training method to increase muscle size and strength in most sport disciplines.
INTRODUCTION
using a machine with an optimized variable cam and disc plate method. Changes in muscle size and muscle torque were assessed at pre-, mid-and post-training time points. Each training variant was also evaluated for changes in plasma creatine kinase (CK) activity, as an indirect measure of muscle damage. We hypothesized that applying the variable cam in the elbow flexor training machine would have a greater influence on increasing the muscles force and hypertrophy than training without a specially designed variable cam.
MATERIALS AND METHODS

Participants
The study encompassed 75 men, all physical education students (aged 21 ± 1 years) who declared that they had not engaged in regular sports training for at least six months before the study commenced. The number of participants was based on previous experiments and sample size calculations using G*Power software (version 3.1.9.4, Germany). A priori sample size was calculated for a group by time interaction comparison (F test, ANOVA for repeated measures, within-between interaction) with the following specifications: alpha level = 0.05, power = 0.80, f effect size = 0.25. The estimated number of subjects was 45. To fulfil these requirements and accommodate dropouts (~10-20%) in training studies, a total of 75 men were recruited. During this experiment, the men only participated in exercise activities that were part of the physical education curriculum.
All participants were informed about the study procedures, benefits, risks and their obligations, before signing informed consent. They were also informed that they could cease participation at any point, without any consequences. The study was approved by the Scientific Research Ethics Committee, approval no. SKE 001-106-01/2010.
Study protocols
The participants were intentionally divided into five groups of equal size (Table 1) : hypertrophy training with a variable cam (Hyp-Cam), hypertrophy training with disc plates (Hyp-Disc), maximal strength training with a variable cam (Str-Cam), maximal strength training with disc plates (Str-Disc), and a control group (CG). The Hyp-Cam and the value of the strength depends on the muscle force as well as on its arm [10] [11] . By adjusting the radius of the cam, it is possible to control the external load. Biomechanical analyses of human motion as a function of the angle have demonstrated that the muscles at the joints develop their maximum torque only within a specific range of motion. The range of changes in muscle strength potential is different for different groups of muscles and joints, and the differences between the maximum and minimum values can reach 90% [12] [13] [14] [15] [16] [17] . It may be assumed that the most effective workout will occur using a machine where the load value, as a function of the angle, is best tailored to human strength abilities. That means that it is necessary to use a cam with a variable radius. The use of a specially adjusted variable-radius cam makes the external load suit the muscle abilities as a function of the angle [18] .
Resistance training can produce significant muscle damage, as a possible stimulus for adaptation [19] [20] . The amount and severity of muscle damage depend on multiple factors including the type of contraction, duration, and intensity of muscle work and sports level [21] . Collectively, these stimuli damage the muscle by causing an overstretching of the sarcomere to such an extent that it becomes disrupted, resulting in elevated levels of creatine kinase (CK) and other biomarkers [22] .
Published studies were based mainly on single exercises in which have found that cams shapes hadn't match to muscle torque with respect to the entire range of joint motion [18, [23] [24] [25] , which may then interfere with training-induced muscle size and strength adaptations over time. To address this problem, a recent study designed a variable cam based on optimal muscle torque and electromyographic activity [26] . Subsequently, a training study was performed that compared the effects of two training protocols, one using a variable cam and another the disc plate approach, on strength and power output. Both outcomes were found to be more pronounced with optimal design of the variable cam, which was, essentially, constructed to match the strength capabilities of elbow flexors [26] .
The present study aimed to advance this work by investigating a hypertrophy and maximal strength training protocol, each performed 
Muscle size, muscle strength and CK assessments
In all groups, muscle size and strength were assessed on three occasions: before training, after the fourth week of training, and after completion of training (at the end of eight weeks). Peak torque values of the elbow flexors were measured under isokinetic conditions, based on a 3RM effort, using a Biodex System 3 Pro (USA) device with angular velocity set at 30°/s, which was the closest value for movement velocity on the training machine. The participants received verbal motivation to apply maximum effort. Arm circumference at rest (halfway along the arm length) and with tension (at the broadest point)
was measured using a metric tape with an accuracy of 1 mm. Skinfold thickness was assessed on the anterior (biceps brachii muscle) and posterior (triceps brachii muscle) sides of the arm using a Holtain
Skinfold Caliper with an accuracy of 0.1 mm. The anthropometric measurements were taken using established principles. All data were taken by the same investigators to eliminate bias. It is assumed that the errors for anthropometric measurements are at a level below 10%
for skinfold thickness and 2% for arm circumference [27] [28] .
On Monday, the week before training commenced, resting plasma creatine kinase (CK) activity was measured with follow-up assessments in the fourth and fifth weeks of training. Additionally, CK was measured on Monday mornings (pre-workout) and Friday afternoons (post-workout) to monitor for any muscle damage arising from exercise that week. Blood was collected from the earlobe after making a small incision with a sterile lancet. The samples were centrifuged and CK was measured using spectrophotometry, at a wavelength of 340 nm, using sets manufactured by Alpha-Diagnostics (Poland).
The measurements were taken at 37°C and expressed in U/L.
Statistical analysis
The normality of distributions was assessed using the Shapiro-Wilk test. The observed differences were assumed to be significant at a probability level of p<.05. A two-way analysis of variance (ANOVA)
for repeated measurements was used to evaluate within-group changes and between-group differences in physical performance and biomechanical and anthropometric parameters. Post-doc testing was conducted using Tukey's honest significant different (HSD) test.
Weekly changes in CK activity were similarly tested using a two-way repeated measures ANOVA and Tukey's HSD test. The CK data were log-transformed (natural logarithm) before analysis to meet normality assumptions. All data were analysed using the STATISTICA software package (version 10, StatSoft, Inc. 2011).
RESULTS
There were significant increases in 1RM test performance every two weeks in all training groups (p<.001), but no between-group differences in 1RM progression (p>.05). However, the 1RM test indicated p<.001), with a smaller, several percentage increase after hypertrophy training (Δ Hyp-Disc=26%; p<.001, Δ Hyp-Cam=28%; p<.001), but the between-group differences were insignificant (p>.05).
An increase in muscle torque (p<.001) was observed only in the Hyp-Cam group ( Table 2 ). The increase in muscle torque in the Hyp-Cam group also differed significantly from the Str-Cam, Str-Disc and CG groups (p<.05). Table 2 and Str-Disc (p<.01) groups, the changes appeared after four weeks, and in the Hyp-Disc (p<.05) and Hyp-Cam (p<.01) groups, significant differences from pre-training occurred only after eight weeks.
that the Hyp-Cam group showed the most rapid response to the training load, whereby a higher 1RM test (p<.05) was found in the second week of training (Fig. 2) Significant difference in relation to pre-training data a p <.05, b p <.01, c p <.001.
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Effects of resistance training modes and machine characteristics on strength and biochemical response
The CG group did not exhibit any significant changes in any biomechanical or anthropometrical parameter.
The course of changes in CK activity was similar in all training groups (Table 3) . We observed higher CK activity level on Friday 
DISCUSSION
The exercises on the training machine used in this study proved to be an efficient form of elbow flexion training. As a direct outcome of the training, the values of maximal load (1RM) lifted in a test performed on a training machine every two weeks increased for all training groups. The value of 1RM is a parameter frequently used in sports practice to evaluate the efficiency of strength training [29] [30] [31] [32] [33] .
Admittedly, the 1RM test does not allow peak torque of the working muscles to be determined. Nonetheless, the capability to overcome a higher external resistance, which increases due to the training, may be an indirect indicator of the increase in muscle strength that enables the trainee to overcome this load [34] .
After eight weeks of training, muscle torque increased significantly, but only in men engaging in hypertrophy training on a machine with a variable cam (Hyp-Cam). The changes in the rest of the groups were not statistically significant (p>.05). Boyer [35] observed a similar phenomenon and reported that in the case of various measurement methods, the decidedly highest post-training increase in muscle torque was noted under the same conditions as the muscle training performed in this study. This is also confirmed in the study by Lehnert et al. [8] , who, after a 12-week period of training (three times a week) of knee flexors and extensors using a hydraulic resistance machine, did not note a significant increase in torques measured under isometric conditions with an isokinetic dynamometer. However, when the measurements of maximal strength are conducted under the same conditions as the training effort, then for isometric conditions, as
shown by Driss et al. [36] , four weeks of training of the elbow flexors are enough to observe a significant increase in the torque of these muscles. Probably therefore, in our experiment greater final increases in the 1RM test occurred in groups performing maximal strength training because these athletes practised with the 1RM value in each training session. According to the training method, they improved their maximal strength capabilities on the training machine but not under isokinetic conditions.
Initial adaptations to resistance training are thought to be neural in origin (e.g. motor unit recruitment, threshold of recruitment, intermuscular coordination), whereas structural changes in muscle morphology tend to occur later in the training process [37] [38] [39] . In the present study, changes in muscle size only appeared after eight weeks of training, especially in those groups prescribed hypertrophy training.
However, strength training had a clear effect (i.e. decrease) on skinfold thickness in the upper arm, and this was evident after only four weeks of training. Notably, strength training produced a significant decrease in skinfold thickness, without a change of arm circumference. In such a case, we assume that some hypertrophy did occur, causing the simultaneous decrease in skinfold thickness. This is confirmed by Lowery et al. [40] , who, based on the ultrasonographic measurements of the biceps brachii muscle, confirmed the hypertrophy effect after just four weeks of resistance training. throughout the entire range of motion of the elbow joint, which resulted in an equal load on the muscles during the entire exercise and provided a beneficial variant of muscle work. A greater overload of working muscles was observed for training using the machine with a disc plate and a constant resistance, where the elbow flexors were forced to work with a non-adjusted load, which resulted in greater damage to the structure of working muscles as shown by the accumulation of CK.
It is worth remembering that in every human joint, the characteristics of change in the values of muscle torques proceed differently.
The appropriate choice of a cam in training machines seems to be an important element for conditioning the effectiveness of a training process, and the shape of the cam should match the strength capabilities of muscles throughout the entire range of motion in the joint. 
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Based on the above, in our experiment, the increase of CK activity indicates greater damage of muscles while training on the machine with the disc plate than with a variable cam, whereas use of a variable cam caused optimal muscle load during the whole range of motion, and therefore less damage of muscles fibres.
The use of a round disc plate for transferring the load causes the muscles to work with maximum load only in part of the range of motion. A properly constructed cam gives the opportunity to perform effort with the maximum load in the entire range of motion, which leads to higher values of mechanical work than using a round disc plate. It is connected with the safety and effectiveness of training. 
CONCLUSIONS
In this study, the effectiveness of using the optimized training machine was confirmed in the measurement of maximal torque under isokinetic conditions, where changes were noted in the group performing hypertrophy training on a machine with a variable cam. The measurements of CK activity indicate smaller amounts of damage to muscle fibres in the efforts performed on the machine with a variable
cam, but only in the case of hypertrophy training. This was due to adjustment of the shape of the variable cam to the strength capabilities
